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Thyroid dysfunction is a common endocrine disorder. In the US National Health and Nutrition Examination Survey, the prevalence of hypothyroidism was 4.6%(0.3 overt and 4.3% subclinical) and the prevalence of hyperthyroidism 1.3%(0.5 overt and 0.7% subclinical) in people without known thyroid disease or a family history of thyroid disease.\[[@ref1]\] A study from eight major Indian cities have shown the prevalence of hypothyroidism in the urban India is 10.95% in which 3.47% were previously undetected, and 7.48% were self-reported cases.\[[@ref2]\] Thyroid dysfunction is usually acquired and may occur anytime in life. In the reproductive age women, thyroid autoimmunity is the most prevalent cause of thyroid dysfunction.\[[@ref3][@ref4]\] Thyroid hormones (TH) are secreted by follicular cells of the thyroid gland of which thyroxine (T4) is the major form and triiodothyronine (T3) is the predominant active form present in the circulation. At the tissue level, TH actions are regulated by a family of intracellular deiodinases (DIOs): Hepatic type 1 DIO mediates peripheral T4 to T3 conversion; DIO2 converts T4 to T3 in the hypothalamus and pituitary, thereby playing a central role in negative feedback regulation of the hypothalamic-pituitary-thyroid axis; in contrast DIO3 converts T4 to reverse T3 and T3 to T2, thereby limiting TH action.\[[@ref5]\] Although nongenomic actions of TH are recognized but its major actions are mediated by binding to specific receptors which are called thyroid hormone receptors (TRs) in the nucleus of target cells.\[[@ref6]\] There are two thyroid hormone receptor genes (TRa, TRb) present on chromosomes 17 and 3, respectively. Each thyroid hormone receptor genes gene undergoes alternate splicing to generate TRa1, TRa2, TRb1, and TRb2 isoforms, each with differing tissue distributions (e.g. TRa1 is predominantly expressed in the central nervous system, myocardium, colon, and skeletal muscle; TRb1 is mostly expressed in the liver and kidney; TRb2 plays a major role in negative feedback regulation at the level of the hypothalamus and pituitary).\[[@ref7][@ref8][@ref9]\]

Recently, it was reported that TRs are also present in human ovarian surface epithelium and act on ovarian follicles and shows some slight localization in granulosa cells of ovarian follicles.\[[@ref10]\] It has been reported that THs regulate a variety of biological processes including growth, cellular oxygen consumption, metabolism, embryonic development, tissue differentiation, and maturation.\[[@ref11]\] In mammals, down-regulation of TRs lower the fertility and decrease follicle number.\[[@ref12]\] Hypothyroidism has been associated with the altered ovarian function, menstrual irregularities, subfertility, and higher (recurrent) miscarriage rates, suggesting that thyroid hormone affects female reproductive axis.\[[@ref13][@ref14]\]

Hypothyroidism causes an increase in the levels of thyroid releasing hormone (TRH) which in turn stimulates secretion of thyroid stimulating hormone (TSH) and prolactin (PRL) and PRL inhibits the synthesis and secretion of gonadotrophins. Several studies have also confirmed abnormal menstrual patterns in overt hypothyroidism.\[[@ref15]\] The association of hypothyroidism and infertility,\[[@ref16]\] polycystic ovarian syndrome,\[[@ref17]\] metabolic syndrome,\[[@ref18]\] atherosclerosis,\[[@ref19]\] heart disease,\[[@ref20]\] and cognitive function\[[@ref21]\] are well described in the literature but studies that have focused on association in between overt hypothyroidism and female reproductive hormone are sparse particularly from Indian subcontinent. Therefore, present study aimed to intensively evaluate the relationship in between overt hypothyroidism and female reproductive hormone and effect of thyroid replacement therapy.
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=================================================

A total of 113 women with untreated primary hypothyroidism among those attending Outpatient Department of Endocrinology Clinic of LLRM Medical College, Meerut, Western Uttar Pradesh between August 2011 and June 2015 were recruited for this prospective study. As people living in rural areas around the Meerut were devoid of medical services, of those some patients presented with a full-blown clinical picture of hypothyroidism. Pregnancy occurred in three patients during the study, and these patients were excluded from the final analyses. The study was approved by the Institutional Committee of Ethical practice of our institution, and all of the study participants provided written informed consent. Only reproductive age group patients were included in the study who had no history of previous ovarian surgery and had not received any medication that could affect adrenal hormone metabolism. Only 1^st^ time diagnosed patient of primary hypothyroidism were included in the study. Patients who had received thyroid hormone replacement therapy prior to the presentation were excluded from the study. Primary hypothyroidism was diagnosed on the basis of low serum free thyroxine (FT4) (\<0.7 ng/dL) and elevated TSH (\>5 μIU/mL) levels together with the presence of signs and symptoms of hypothyroidism. Any patient with the presence of secondary hypothyroidism, congenital adrenal hyperplasia (CAH), Cushing syndrome, androgen-secreting ovarian or adrenal tumor and polycystic ovary syndrome (PCOS) were excluded from the study. Exclusion of PCOS was based on Rotterdam criteria.\[[@ref22]\] CAH was excluded with fasting 8 am 17-hydroxyprogesterone in the follicular phase and if was inconclusive then an intravenous adrenocorticotropic hormone stimulation test was done. Thirty-nine healthy women with regular menstrual cycles without any hormonal disturbances served as controls. Then, patients were divided into two groups: (1) Controls (with normal menstrual cycle, normal hormonal profile, and without any endocrinologic diseases) (2) primary hypothyroid patients. Data on the demographic characteristics (e.g., age, education, and occupation), lifestyle characteristics (e.g., smoking, alcohol consumption, and physical activity), health status, and medical history were collected using a standardized proforma. The anthropometric measurements were performed by trained personnel using a standardized protocol.

Venous blood was taken at baseline and after euthyroidism was achieved for measuring serum FT4, free triiodothyronine (FT3), TSH, PRL, follicular stimulating hormone (FSH), luteinizing hormone (LH), estradiol (E~2~), testosterone (T), and thyroid peroxidase antibody (anti-TPO). Serum for FSH, LH, E~2~ and T were taken in the fasting state at 8 am in the early follicular phase (in women with regular menstrual cycles) or on an appropriate day for amenorrheic patient. Patients with hypothyroidism were treated with sufficient doses of L-thyroxine in the form of a tablet (Thyronorm, abbott). After achieving a euthyroid state, serum hormones levels were re-evaluated. Subjected to the age of the patient, severity of the hypothyroidism and compliance, the mean time to achieve euthyroidism was 5.7 months in the study. Finally, 74 patients completed the follow-up out of which 59 were oligomenorrhic which were included in the study. The underlying cause of hypothyroidism was autoimmune thyroiditis (*n* = 56), postpartum hypothyroidism (*n* = 2) or treatment with radioactive iodine (*n* = 1). Most of the patients had autoimmune thyroiditis and were, for the 1^st^ time in their lives, found to be hypothyroid. Therefore, the mean duration of hypothyroidism in the study population could not be determined in retrospect.

Serum FT4, FT3, TSH, PRL, E2, T, and anti-TPO all were measured with chemiluminescence method by abbott architect i1000SR in endocrinology laboratory of the hospital.

Statistical analysis {#sec2-1}
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For numerical variables, descriptive statistics was performed, and the results were expressed as a mean ± standard deviation. Pearson correlation was used for normally distributed variables. Pretreatment comparisons between controls and primary hypothyroid patients were performed by the unpaired *t*-test. The pretreatment and posttreatment data of patients with hypothyroidism were compared using the paired *t*-test. The Statistical analysis was performed using the Statistical Package for the Social Sciences Version 20 (\[SPSS\] IBM Corporation, Armonk, NY, USA). *P* \< 0.05 was considered statistically significant.
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As [Table 1](#T1){ref-type="table"} shows baseline characteristic of study population, a total 74 cases and 39 control subjects of the same demographic profile were included in the study. All parameters Age, body mass index (BMI), systolic blood pressure, diastolic blood pressure, FT4, FT3, TSH, FSH, LH, PRL, E2, and T are highly variable in all participants. In the cases mean age, BMI, TSH, FSH, LH, PRL, E2, and T were 27.88 ± 5.39, 24.91 ± 3.13, 77.85 ± 90.09, 12.14 ± 3.12, 5.89 ± 2.12, 39.65 ± 31.78, 50.00 ± 17.33, and 35.40 ± 17.8, respectively. In controls mean age, BMI, TSH, FSH, LH, PRL, E2, and T were 26.79 ± 4.00, 25.04 ± 3.07, 2.24 ± 0.80, 13.19 ± 2.93, 6.25 ± 2.69, 7.58 ± 4.00, 81.48 ± 34.52, and 43.57 ± 18.67, respectively.
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Comparison in between serum levels of reproductive hormones of cases and controls by independent *t*-test {#sec2-2}
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Using independent *t*-test as shown in [Table 2](#T2){ref-type="table"}, we analyzed the difference between serum levels reproductive hormones of cases and controls. On an average cases have more serum TSH (mean \[M\] = 77.85; standard error \[SE\] = 11.72) and PRL (M = 39.65; SE = 4.13) than controls (M = 2.24; SE = 0.12), (M = 7.58; SE = 0.64), respectively. This difference was statistically significant t (96) = 5.23, *P* \< 0.05; t (96) = 6.25, *P* \< 0.05.
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However, serum E2 (M = 50.00; SE = 2.25) and T (M = 35.40; SE = 2.31) was less in cases than controls (M = 81.48; SE = 5.52), (M = 43.57; SE = 2.99), respectively. This differences were statistically significant t (96) = 5.97, *P* \< 0.05; t (96) = 2.18, *P* \< 0.05, respectively.

Although serum FSH (M = 12.14; SE = 0.40) and LH (M = 5.89; SE = 0.27) were lower in cases as compare to controls (M = 13.19; SE = 0.46), (M = 6.25; SE = 0.43), respectively, but these differences were statistically insignificant t (96) = 1.67, *P* = 0.09; t (96) = 0.75, *P* = 0.45, respectively.
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Using independent *t*-test as shown in [Table 3](#T3){ref-type="table"} we analyzed the difference between serum levels reproductive hormones of cases at diagnosis and after achieving euthyroidism. On an average at diagnosis cases have more serum TSH (M = 77.85; SE = 11.72) and PRL (M = 39.65; SE = 4.13) than after achieving euthyroidism (M = 1.74; SE = 0.73), (M = 16.04; SE = 0.84), respectively. This difference was statistically significant t (58) = 6.48, *P* \< 0.05; t (58) = 6.49, *P* \< 0.05.

###### 
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However, serum E2 (M = 50.00; SE = 2.25) and T (M = 35.40; SE = 2.31) was less in cases at diagnosis than after achieving euthyroidism (M = 76.25; SE = 2.60), (M = 40.29; SE = 2.27), respectively. These differences were statistically significant t (58) = 12.47, *P* \< 0.05; t (58) = 2.04, *P* \< 0.05, respectively.

Although average serum FSH (M = 12.14; SE = 0.40) and LH (M = 5.89; SE = 0.27) were lower in cases at diagnosis than after achieving euthyroidism (M = 12.70; SE = 0.40), (M = 6.22; SE = 0.25) respectively but these differences were statistically insignificant t (58) = 1.61, *P* = 0.11; t (58) = 1.11, *P* = 0.27, respectively.
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Thyroid dysfunction can cause disturbances in the ovarian cycle and also ovulation, but, the molecular link between these two disorders still largely unrevealed. Hypothyroidism causes decreased rates of metabolic clearance of androstenedione and estrone in women and unveils an increase in peripheral aromatization.\[[@ref23]\] Hypothyroid women also exhibit decreased 5 α/β ratio of androgen metabolites, and also show an increase in excretion of 2-oxygenated estrogens.\[[@ref24]\] In hypothyroidism plasma binding activity of SHBG is decreased, which results in decreased plasma concentrations of both total testosterone and E2, but their unbound fractions are increased.\[[@ref25]\] Altered metabolism of these gonadal steroids disappears when a euthyroid state is restored. The gonadotropins (Gn) level usually remains normal in hypothyroidism.\[[@ref26]\]

Ovarian follicles, from the pool of resting primordial follicles either continue to grow from preantral to antral follicles due to survival signals, such as gonadotrophins and growth factors, or degenerate and die by the process of follicular atresia. Expressions of hormones and growth factors have been shown to regulate the destiny of the ovarian follicle. In humans, disorders of the thyroid gland are responsible for a dysregulation of the hypothalamus, pituitary, gonadal axis, and hypothyroidism is associated with oligomenorrhea.\[[@ref16]\] The follicular fluid composition might be the important regulator for developing oocytes and may play a substantial role in oocyte quality. Both T3 and T4 are found in the follicular fluid of humans, and a positive correlation was demonstrated between serum T4 and follicular fluid T4 levels.\[[@ref27]\] The presence of thyroid hormone receptors in human oocytes may explain TH response on the ovaries. Both isoforms of TRs messenger RNA (mRNA) are expressed in the human oocyte. Therefore, thyroid hormone may directly affect the oocyte.\[[@ref28]\] Although the presence of TRa and TRb mRNA in granulosa cells has been reported earlier, Zheng *et al*. have demonstrated that TRa1 is expressed and localized in oocytes, granulosa cells and theca cells during follicular development.\[[@ref28][@ref29]\]

The results of the present study provided a novel understanding of the involvement of thyroid hormones and female reproductive hormones. In this study, we examined the alteration in the levels of reproductive hormones in reproductive age group hypothyroid female and the effect of thyroid hormone replacement therapy on their levels was also examined. We demonstrated that normal levels of pituitary Gn in overt hypothyroidism. We confirmed the hypothyroidism by measuring serum levels of TSH, FT4, and FT3. We further reported that hypothyroidism diminished serum E2 concentrations in reproductive age group female. To the best of our knowledge, this is the first study of hypothyroidism and diminished E2 level in India.

Serum level of FSH and LH are significantly low in cases of overt hypothyroid women when done between day 2 and 5 of the cycle.\[[@ref30]\] Studies have demonstrated that serum estradiol was also reduced significantly in the hypothyroid state when compared to the control.\[[@ref31]\] In other study Hapon *et al*. have shown hypothyroidism does not influence the classical preovulatory patterns of LH and FSH secretion in rats.\[[@ref32]\] Studies have demonstrated a positive correlation in between TSH and PRL in hypothyroid women.\[[@ref33]\] In several study, it was shown that T4 administration in hypothyroidism normalizes PRL and LH levels, increased folliculogenesis and estradiol secretion, reverses menstrual abnormalities and increases spontaneous fertility.\[[@ref34]\] T3 is considered a biological amplifier of the stimulatory action of gonadotrophins on granulosa cell function.
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Our study demonstrated that hypothyroidism in women causes menstrual irregularities, mostly oligomenorrhea. Hypothyroidism is associated with hyperprolactinemia, and it decreases the serum levels of E2, T, and Gn which increase after achieving euthyroidism.
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